SPECIFICATION 
EXPANDER 

TECHNICAL FIELD 

The present invention relates to an expander used in a 

refrigeration cycle using carbon dioxide as refrigerant and 

having a compressor, an outdoor heat exchanger and an indoor 

heat exchanger. 

BACKGROUND TECHNIQUE 

In recent years, attention is focused on a refrigeration 

cycle apparatus using, as refrigerant, carbon dioxide (CO2, 

hereinafter) in which ozone destroy coefficient is zero and 

global warming coefficient is extremely smaller than Freon. 

There is proposed a refrigeration cycle apparatus using 
C0 2 refrigerant in which expansion energy of a working medium 
is recovered using an expander instead of an expansion valve, 
thereby enhancing coefficient of performance of the 
refrigeration cycle apparatus. It is proposed to use a swash 
plate expander as this expander (see patent document 1 for 
example) . 

[Patent Document 1] 

Japanese Patent Application Laid-open No . 2001-141315 
(Fig. 2) 

In the present invention, a sliding vane type expander 
is employed as the expander. In the sliding vane type expander, 
since the vane jumps, a large sound is generated and a hitch 
is generated in a tip end of the vane. If a back pressure is 
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insufficient, a leakage from the tip end of the vane is increased, 
and a leakage loss is generated. 

Such problems are solved if lubricant discharged into 
a high pressure chamber is supplied to a back surface of the 
vane, but a structure for supplying the lubricant becomes 
complicated. 

If a spring is disposed in a back surface of the vane, 
a reliability between contact surfaces of the spring and the 
vane is deteriorated, and if high pressure refrigerant gas is 
supplied, since the refrigerant is gas, the leakage loss is 
adversely increased. 

It is an object of the present invention to provide an 
expander in which its structure is simple, the leakage loss is 
small and the expander is operated reliably, by utilizing 
refrigerant in the supercritical state. 

SUMMARY OF THE INVENTION 

A first aspect of the invention provides an expander used 

in a refrigeration cycle using carbon dioxide as refrigerant 

and having a compressor, an outdoor heat exchanger and an indoor 

heat exchanger, wherein the expander comprises a cylindrical 

cylinder, a rotor which rotates in the cylinder, a vane which 

divides an expansion space formed between an inner peripheral 

surface of the cylinder and an outer peripheral surface of the 

rotor into a plurality of spaces, and a vane groove provided 

in the rotor for accommodating the vane therein, and wherein 

the vane groove is provided with a back pressure chamber which 
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pushes the vane against the inner peripheral surface of the 
cylinder, and the refrigerant in the supercritical state is 
introduced into the back pressure chamber. 

According to this aspect, by introducing the refrigerant 
in the supercritical state, since the refrigerant is not in the 
gas state, it is possible to reduce the leakage of refrigerant 
from a gap between a vane groove and a vane. 

According to a second aspect of the invention, in the 
expander of the first aspect, the expander further comprises 
a suction pipe which introduces refrigerant into the expansion 
space, and a portion of refrigerant flowing through the suction 
pipe is introduced into the back pressure chamber. Since it 
is unnecessary to separately introduce refrigerant from outside 
of the expander, the mechanism can be simplified. 

According to a third aspect of the invention an invention, 
in the expander of the first aspect, no oil reservoir is provided 
in a hausing which includes the cylinder or the rotor therein. 
By utilizing the oil mist discharged from the compressor for 
lubricating the expander, it is possible to form a refrigeration 
cycle apparatus in which a plurality of oil reservoirs do not 
exist, and it is possible to avoid a problem that oil level in 
eacn ox une piuidiity ui j_ ^ j_ v o muou ^, ^ ^ ^_ ^ ~ ~ . 

A fourth aspect of the invention provides a refrigeration 
cycle apparatus having a refrigeration cycle using carbon 
dioxide as refrigerant and having a compressor, an outdoor heat 
exchanger, an expander and an indoor heat exchanger, the 
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refrigeration cycle apparatus including, in the refrigeration 
cycle, a first four-way valve to which a discharge side pipe 
and a suction side pipe of the compressor are connected, and 
a second four-way valve to which a refrigerant-inflow side pipe 
and a refrigerant-outflow side pipe of the expander are 
connected, wherein using, as the expander, a sliding vane type 
expander having a cylindrical cylinder, a rotor which rotates 
in the cylinder, a vane which divides an expansion space formed 
between an inner peripheral surface of the cylinder and an outer 
peripheral surface of the rotor into a plurality of spaces, and 
a vane groove provided in the rotor for accommodating the vane 
therein, refrigerant flowing through a pipe extending from the 
second four-way valve to a refrigerant-inflow port of the 
expander is introduced into a back surface of the vane. 

A fifth aspect of the invention provides a refrigeration 
cycle apparatus having a refrigeration cycle using carbon 
dioxide as refrigerant and having a compressor, an outdoor heat 
exchanger, an expander and an indoor heat exchanger, the 
refrigeration cycle apparatus including, in the refrigeration 
cycle, a first four-way valve to which a discharge side pipe 
and a suction side pipe of the compressor are connected, and 
a second four-way valve to which a refrigerant-inflow side pipe 
and a refrigerant-outflow side pipe of the expander are 
connected, wherein using, as the expander, a sliding vane type 
expander having a cylindrical cylinder, a rotor which rotates 
in the cylinder, a vane which divides an expansion space formed 
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between an inner peripheral surface of the cylinder and an outer 
peripheral surface of the rotor into a plurality of spaces, and 
a vane groove provided in the rotor for accommodating the vane 
therein, refrigerant flowing through a pipe extending from a 
discharge port of the compressor to the first four-way valve 
is introduced into a back surface of the vane. 

According to the fourth and fifth aspects, by introducing 
the refrigerant in the supercritical state, since the 
refrigerant is not in the gas state, it is possible to reduce 
the leakage of refrigerant from a gap between a vane groove and 
a vane, and the refrigeration cycle apparatus can be applied 
to a cooling and heating air conditioner. 

According to a sixth aspect of the invention, in the 
refrigeration cycle apparatus of fourth or fifth aspect, the 
expander is lubricated by oil mist discharged from the 
compressor. It is possible to form a refrigeration cycle 
apparatus in which a plurality of oil reservoirs do not exist, 
and it is possible to avoid a problem that oil level in each 
of the plurality of oil reservoirs must be controlled. 

A seventh aspect of the invention provides a compressor 
used in a refrigeration cycle using carbon dioxide as 

LCii.xyci.aiiL axiu iica.v_L.11y un w uuv^j. j.x^«-*»- n.,**.^* a>_j n_ ^.^.a.^. ^ — 

heat exchanger, wherein the compressor comprises a cylindrical 
cylinder, a rotor which rotates in the cylinder, a vane which 
divides a compression space formed between an inner peripheral 
surface of the cylinder and an outer peripheral surface of the 
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rotor into a plurality of spaces, and a vane groove provided 
in the rotor for accommodating the vane therein, and wherein 
the vane groove is provided with a back pressure chamber which 
pushes the vane against the inner peripheral surface of the 
cylinder, and the refrigerant in the supercritical state is 
introduced into the back pressure chamber. 

According to the seventh aspect, by introducing the 
refrigerant in the supercritical state, since the refrigerant 
is not in the gas state, it is possible to reduce the leakage 
of refrigerant from a gap between a vane groove and a vane. 

According to an eighth aspect of the invention, in the 
compressor of the seventh aspect, the compressor further 
comprises a discharge pipe which discharges refrigerant from 
the compression space, wherein a portion of refrigerant flowing 
through the discharge pipe is introduced into the back pressure 
chamber. Since it is unnecessary to separately introduce 
refrigerant from outside of the compressor, the mechanism can 
be simplified. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side sectional view of an expander according 

to an embodiment of the present invention. 

Fig. 2 shows a structure of an expanding portion of the 

expander . 

Fig. 3 shows a structure of a heat pump type cooling and 
heating air conditioner of the embodiment. 
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Fig. 4 shows a structure of a heat pump type cooling and 
heating air conditioner of another embodiment of the invention. 

Fig. 5 shows a structure of a heat pump type cooling and 
heating air conditioner of another embodiment of the invention. 

Fig. 6 shows a structure of a heat pump type cooling and 
heating air conditioner of another embodiment of the invention. 

PREFERRED EMBODIMENTS 

An expander according to an embodiment of the present 

invention will be explained below with reference to the 

drawings . 

Fig. 1 is a side sectional view of the expander of this 
embodiment. Fig. 2 shows a structure of an expanding portion 
of the expander. 

The expander 6 of this embodiment is a sliding vane type 
expander. The sliding vane type expander has a hausing 60 , and 
the hausing 60 is provided therein with a cylindrical cylinder 
61 and a columnar rotor 62 which rotates in the cylinder 61. 
The cylinder 61 and the rotor 62 are sandwiched from their both 
sides by two side plates 63, and an expansion space are formed 
therebetween. Each of the side plates 63 is provided at its 
central portion with a bearing 64. A rotation shaft 65 is 
rotatably held by the bearing 64. Rotation of the rotor 62 is 
output to outside by this rotation shaft 65. A high pressure 
seal 66 is provided between the rotation shaft 65 and a hausing 
60. A side seal 67 is provided between the side plate 63- and 
the rotor 62. 
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The rotor 62 includes a plurality of vane grooves 68. 
A vane 69 is slidably disposed in the vane groove 68, A back 
pressure chamber 68a is formed in the vane groove 68 at a location 
closer to a center of the rotor 62 . The vane 69 is pushed against 
an inner peripheral surface of the cylinder 61 by a pressure 
of the back pressure chamber 68a. 

The cylinder 61 is provided with a suction pipe 70 and 
a discharge pipe 71. The suction pipe 70 and the discharge pipe 
71 are in communication with the expansion space. 

A ring-like fluid supply groove 72 is formed in a contact 
surface of the side plate 63 with respect to the rotor 62. The 
fluid supply groove 72 is formed at a location where the fluid 
supply groove 72 is always in communication with the back 
pressure chamber 68a. The fluid supply groove 72 is in 
communication with the back pressure chamber 68a through the 
fluid supply hole 74 and the fluid supply pipe 73 which introduce 
refrigerant in a supercritical state from outside. 

The operation of the expander of this embodiment will 
be explained below. 

In Fig. 2, high pressure refrigerant in the supercritical 
state introduced from the suction pipe 70 enters into the 

/n,^-vvm^-I v-v /-x f Avmo^ Kaf uoon +• H a i nnQT- r*^or~"i nhora 1 Qn r f ^ r*P C\ *P 

the cylinder 61 and an outer peripheral surface of the rotor 
62, and is expanded while rotating the rotor 62 in a 
counterclockwise direction, and is discharged from the 
discharge pipe 71. 
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High pressure refrigerant in the supercritical state 
introduced from the fluid supply hole 74 is introduced into the 
fluid supply groove 72 through the fluid supply hole 74. The 
high pressure refrigerant introduced into the fluid supply 
groove 72 is introduced into the back pressure chamber 68a and 
functions to push the vane 69 against the inner peripheral 
surface of the cylinder 61. 

Since the refrigerant in the supercritical state is 
introduced into the back pressure chamber 68a in this manner, 
it is possible to reduce the leakage of refrigerant from a gap 
between the vane groove 68 and the vane 69 as compared with 
refrigerant in a gas state, and it is possible to reliably push 
the vane against the inner peripheral surface of the cylinder 
61. 

Although this embodiment has been explained using the 
fluid supply hole 74 which introduces the refrigerant in the 
supercritical state from outside, a communication path which 
introduces a portion of refrigerant of the suction pipe 70 into 
the fluid supply groove 72 may be formed in the side plate without 
using the fluid supply hole 74. If a portion of refrigerant 
flowing through the suction pipe 70 is introduced into the back 
pressure cnaniDei ood _lh luis inannci , oj_hv_^ j. ^ j. ^ j 
to separately introduce refrigerant from outside of the 
expander 6, it is possible to simplify the mechanism. 

A refrigeration cycle apparatus using an expander 
according to the embodiment of the present invention will be 



9 



explained with reference to the drawing based on a heat pump 
type cooling and heating air conditioner. 

Fig. 3 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 3, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 11, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 are connected to 
one another through pipes. 

The expander 6 is provided at its inflow side pipe with 
a pre-expansion valve 5. 

A bypass circuit which bypasses the pre-expansion valve 
5 and the expander 6 is provided in parallel to the pre-expansion 
valve 5 and the expander 6. The bypass circuit is provided with 
a control valve 7 . 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The refrigerant circuit is provided with a first four-way 
valve 2 to which a discharge side pipe and a suction side pipe 

_ -C J_ 1 — — 1 ^» ^ ^^-^>-N^^->-t- ^/^ -irA^ -\ d/-\/-i^v»~\/-^ f — T.7 D \ 7 1 TrO 

4 to which a refrigerant-inflow side pipe of the pre-expansion 
valve 5, a refrigerant-outflow side pipe of the expander 6 and 
the bypass circuit are connected. 
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The fluid supply pipe 73 introduces refrigerant which 
flows through a pipe extending from the second four-way valve 
4 to the refrigerant-inflow port of the expander 6. It is 
preferable that the fluid supply pipe 73 is connected to the 
inflow side pipe of the pre-expansion valve 5. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 11. The refrigerant is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
heat exchanger 3, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the pre-expansion valve 

O CI 1 1H. LliC CA^ailUCX \J LliJ- WU^ll i_nv_ \_ \^ j. a v-a j- w <-* -•- »»^-*jr * <-* - — - r 

is expanded by the pre-expansion valve 5 and the expander 6. 
Power recover by the expander 6 at the time of expanding 
operation is used for driving the compressor 1. At that time, 
the opening of the control valve 7 is adjusted in accordance 
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with a high pressure detected at an outlet of the outdoor heat 
exchanger 3, thereby controlling an amount of refrigerant which 
is allowed to flow into the bypass circuit. The opening of the 
pre-expansion valve 5 is adjusted in accordance with the 
detected high pressure, thereby controlling an amount of 
refrigerant which is allowed to flow into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 11. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
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is introduced into the pre-expansion valve 5 and the expander 
6, and is expanded by the pre-expansion valve 5 and the expander 
6. Power recover by the expander 6 at the time of expanding 
operation is used for driving the compressor 1. At that time, 
the opening of the control valve 7 is adjusted in accordance 
with a high pressure detected at an outlet of the indoor heat 
exchanger 8, thereby controlling an amount of refrigerant which 
is allowed to flow into the bypass circuit. The opening of the 
pre-expansion valve 5 is adjusted in accordance with the 
detected high pressure, thereby controlling an amount of 
refrigerant which is allowed to flow into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 

5 and the expander 6 is introduced into the outdoor heat 
exchanger 3 through the second four-way valve 4 and is 
evaporated and suctions heat in the outdoor heat exchanger 3. 
The refrigerant which has been evaporated is drawn into the 
compressor 1 through the first four-way valve 2. 

High pressure refrigerant in the supercritical state is 
introduced into the back pressure chamber 68a in the expander 

6 by the fluid supply pipe 73, and the high pressure refrigerant 
reliably pushes the vane 69 against the inner peripheral surface 

In this embodiment, the fluid supply pipe 73 introduces 
the refrigerant which flows through the pipe extending from the 
second four-way valve 4 to the refrigerant-inflow port of the 
expander 6, but the fluid supply pipe 73 may introduces 
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refrigerant which flows through a pipe extending from a 
discharge port of the compressor 1 to the first four-way valve 
2. 

A refrigeration cycle apparatus using an expander 
according to the embodiment of the present invention will be 
explained with reference to the drawing based on a heat pump 
type cooling and heating air conditioner of another embodiment. 

Fig. 4 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 4, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 11, an outdoor heat exchanger 3, 
an expander 6, an indoor heat exchanger 8 and an auxiliary 
compressor 10 are connected to one another through pipes. 

The expander 6 is provided at its inflow side pipe with 
a pre-expansion valve 5. 

A bypass circuit which bypasses the pre-expansion valve 
5 and the expander 6 is provided in parallel to the pre-expansion 
valve 5 and the expander 6. The bypass circuit is provided with 
a control valve 7. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 



14 



The refrigerant circuit is provided with a first four-way 
valve 2 to which a discharge side pipe of the compressor 1 and 
a suction side pipe of the auxiliary compressor 10 are connected, 
and a second four-way valve 4 to which a refrigerant-inflow side 
pipe of the pre-expansion valve 5, a refrigerant-outflow side 
pipe of the expander 6 and the bypass circuit are connected. 

The fluid supply pipe 73 introduces refrigerant which 
flows through a pipe extending from the second four-way valve 
4 to the refrigerant-inflow port of the expander 6. It is 
preferable that the fluid supply pipe 73 is connected to the 
inflow side pipe of the pre-expansion valve 5. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 

m/^-hi^y- 1 1 Tho raf ri aoranf n c -i nf rnHnroH n ntn fho r-ml-Honr* Vl O "h 
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exchanger 3 through the first four-way valve 2. In the outdoor 
heat exchanger 3, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
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the C0 2 refrigerant is introduced into the pre-expansion valve 
5 and the expander 6, and is expanded by the pre-expansion valve 
5 and the expander 6. Power recover by the expander 6 at the 
time of expanding operation is used for driving the auxiliary 
compressor 10. At that time, the opening of the control valve 

7 is adjusted in accordance with a high pressure detected at 
an outlet of the outdoor heat exchanger 3, thereby controlling 
an amount of refrigerant which is allowed to flow into the bypass 
valve. The opening of the pre-expansion valve 5 is adjusted 
in accordance with the detected high pressure, thereby 
controlling an amount of refrigerant which is allowed to flow 
into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the indoor heat exchanger 

8 through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the first 
four-way valve 2 and supercharged by the auxiliary compressor 
10 and is drawn into compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 
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Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 11. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the pre-expansion valve 5 and the expander 
6, and is expanded by the pre-expansion valve 5 and the expander 
6. Power recover by the expander 6 at the time of expanding 
operation is used for driving the auxiliary compressor 10. At 
that time, the opening of the control valve 7 is adjusted in 
accordance with a high pressure detected at an outlet of the 
indoor heat exchanger 8, thereby controlling an amount of 
refrigerant which is allowed to flow into the bypass valve. The 
opening of the pre-expansion valve 5 is adjusted in accordance 
with the detected high pressure, thereby controlling an amount 
of refrigerant which is allowed to flow into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 

n j 4_ "U ~ C A A nf v^^nooH -i nf/^ +- "h o nni"HnnT "h^^t* 
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exchanger 3 through the second four-way valve 4 and is 
evaporated and suctions heat in the outdoor heat exchanger 3. 
The refrigerant which has been evaporated is introduced into 
the auxiliary compressor 10 through the first four-way valve 
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2 and supercharged by the auxiliary compressor 10 and drawn into 
the compressor 1. 

High pressure refrigerant in the supercritical state is 
introduced into the back pressure chamber 68a in the expander 
6 by the fluid supply pipe 73, and the high pressure refrigerant 
reliably pushes the vane 69 against the inner peripheral surface 
of the cylinder 61. 

In this embodiment, the fluid supply pipe 7 3 introduces 
the refrigerant which flows through the pipe extending from the 
second four-way valve 4 to the refrigerant-inflow port of the 
expander 6, but the fluid supply pipe 73 may introduces 
refrigerant which flows through a pipe extending from a 
discharge port of the compressor 1 to the first four-way valve 
2. 

A refrigeration cycle apparatus using an expander 
according to the embodiment of the present invention will be 
explained with reference to the drawing based on a heat pump 
type cooling and heating air conditioner of another embodiment. 

Fig. 5 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 5, the heat pump type cooling and heating 
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refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 11, an auxiliary compressor 10, an 
outdoor heat exchanger 3, an expander 6 and an indoor heat 
exchanger 8 are connected to one another through pipes. 
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The expander 6 is provided at its inflow side pipe with 
a pre-expansion valve 5. 

A bypass circuit which bypasses the pre-expansion valve 
5 and the expander 6 is provided in parallel to the pre-expansion 
valve 5 and the expander 6. The bypass circuit is provided with 
a control valve 7. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit is provided with a first four-way 
valve 2 to which a suction side pipe of the compressor 1 and 
a discharge side pipe of the auxiliary compressor 10 are 
connected, and a second four-way valve 4 to which a suction side 
pipe of the pre-expansion valve 5, a discharge side pipe of the 
expander 6 and the bypass circuit are connected. 

The fluid supply pipe 73 introduces refrigerant which 
flows through a pipe extending from the second four-way valve 
4 to the refrigerant-inflow port of the expander 6. It is 
preferable that the fluid supply pipe 73 is connected to the 
inflow side pipe of the pre-expansion valve 5. 

air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
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refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 11. The refrigerant is introduced into the auxiliary 
compressor 10 and super -pressurized by the auxiliary 
compressor 10 and then, is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
heat exchanger 3, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the pre-expansion valve 
5 and the expander 6, and is expanded by the pre-expansion valve 
5 and the expander 6. Power recover by the expander 6 at the 
time of expanding operation is used for driving the auxiliary 
compressor 10. At that time, the opening of the control valve 
7 is adjusted in accordance with a high pressure detected at 
an outlet of the outdoor heat exchanger 3, thereby controlling 
an amount of refrigerant which is allowed to flow into the bypass 
valve. The opening of the pre-expansion valve 5 is adjusted 
in accoxuciiiutJ wxun luc uclcllcu m_yii ^icoduj.^/ 
controlling an amount of refrigerant which is allowed to flow 
into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the indoor heat exchanger 
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8 through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into compressor 1 through the first four-way valve 2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 11. The refrigerant is introduced into the auxiliary 
compressor 10 and super-pressurized by the auxiliary compressor 
l'O and then, is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the indoor heat 
exchanger 8, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the pre-expansion valve 5 and the expander 
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6. Power recover by the expander 6 at the time of expanding 
operation is used for driving the auxiliary compressor 10. At 
that time, the opening of the control valve 7 is adjusted in 
accordance with a high pressure detected at an outlet of the 
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indoor heat exchanger 8, thereby controlling an amount of 
refrigerant which is allowed to flow into the bypass circuit. 
The opening of the pre-expansion valve 5 is adjusted in 
accordance with the detected high pressure, thereby controlling 
an amount of refrigerant which is allowed to flow into the 
expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 

5 and the expander 6 is introduced into the outdoor heat 
exchanger 3 through the second four-way valve 4 and is 
evaporated and suctions heat in the outdoor heat exchanger 3. 
The refrigerant which has been evaporated is drawn into the 
compressor 1 through the first four-way valve 2. 

High pressure refrigerant in the supercritical state is 
introduced into the back pressure chamber 68a in the expander 

6 by the fluid supply pipe 73, and the high pressure refrigerant 
reliably pushes the vane 69 against the inner peripheral surface 
of the cylinder 61. 

In this embodiment, the fluid supply pipe 73 introduces 
the refrigerant which flows through the pipe extending from the 
second four-way valve 4 to the refrigerant-inflow port of the 
expander 6, but the fluid supply pipe 73 may introduces 
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discharge port of the compressor 1 to the first four-way valve 
2. 

A refrigeration cycle apparatus using an expander 
according to the embodiment of the present invention will be 
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explained with reference to the drawing based on a heat pump 
type cooling and heating air conditioner of another embodiment. 

Fig. 6 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 6, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 11, an outdoor heat exchanger 3, 
an expander 6, an indoor heat exchanger 8 and an auxiliary 
compressor 10 are connected to one another through pipes. 

The refrigerant circuit comprises a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 are connected, and a third four-way valve 9 to which a discharge 
side pipe and a suction side pipe of the auxiliary compressor 
10 are connected. In the case of refrigerant flow in which the 
outdoor heat exchanger 3 is used as a gas cooler and the indoor 
heat exchanger 8 is used as an evaporator, the first four-way 
valve 2 and the third four-way valve 9 are switched over so that 
the discharge side of the auxiliary compressor 10 becomes the 
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flow in which the outdoor heat exchanger 3 is used as the 
evaporator and the indoor heat exchanger 8 is used as the gas 
cooler, the first four-way valve 2 and the third four-way valve 
9 are switched over so that the discharge side of the compressor 
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1 becomes the suction side of the auxiliary compressor 10. By 
switching the second four-way valve 4, a direction of the 
refrigerant flowing through the expander 6 becomes always the 
same direction. 

The expander 6 is provided at its inflow side with a 
pre-expansion valve 5 capable of changing the opening of the 
valve . 

A bypass circuit which bypasses the pre-expansion valve 
5 and the expander 6 is provided. The bypass circuit is provided 
with a bypass valve 7 which adjusts a flow rate of refrigerant 
of the bypass circuit. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The fluid supply pipe 73 introduces refrigerant which 
flows through a pipe extending from the second four-way valve 
4 to the refrigerant-inflow port of the expander 6. It is 
preferable that the fluid supply pipe 73 is connected to the 
inflow side pipe of the pre-expansion valve 5. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
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refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 11. The refrigerant is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
heat exchanger 3, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the second four-way valve 
4, the pre-expansion valve 5 and the expander 6, and is expanded 
by the expander 6. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of the outlet of the 
outdoor heat exchanger 3. The opening of the pre-expansion 
valve 5 or the bypass valve 7 is adjusted such that if the volume 
flow rate is greater than the calculated optimal refrigerant 
amount, the opening of the bypass valve 7 is increased to reduce 
the volume flow rate of refrigerant flowing into the expander 
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optimal refrigerant amount, the opening of the pre-expansion 
valve 5 is reduced to increase the volume flow rate. The 
expanded C0 2 refrigerant is evaporated and suctions heat in the 
indoor heat exchanger 8 through the second four-way valve 4. 
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A room is cooled by this endotherm. The refrigerant which has 
been evaporated is introduced into the auxiliary compressor 10 
through the third four-way valve 9 and supercharged by the 
auxiliary compressor 10, and is drawn into the compressor 1 
through the third four-way valve 9 and the first four-way valve 
2. Energy generated when expansion is carried out in the 
expander 6 is utilized for this supercharging operation of the 
auxiliary compressor 10, and power is recovered. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 11. The refrigerant is introduced into the auxiliary 
compressor 10 through the first four-way valve 2 and the third 
four-way valve 9, and further super-pressurized by the 
auxiliary compressor 10. The expansion energy at the expander 
6 is utilized for this super-pressurizing operation and power 
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into the indoor heat exchanger 8 through the third four-way 
valve 9. In the indoor heat exchanger 8, since C0 2 refrigerant 
is in a supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
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air and water. Then, the CO2 refrigerant is introduced into 
the expander 6 through the second four-way valve 4 and the 
pre-expansion valve 5, and is expanded by the expander 6. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature and a high pressure refrigerant pressure detected 
on the side of the outlet of the indoor heat exchanger 8. The 
opening of the pre-expansion valve 5 or the bypass valve 7 is 
adjusted such that if the volume flow rate is greater than the 
calculated optimal refrigerant amount, the opening of the 
bypass valve 7 is increased to reduce the volume flow rate of 
refrigerant flowing into the expander 6, and if the volume flow 
rate is smaller than the calculated optimal refrigerant amount, 
the opening of the pre-expansion valve 5 is reduced to increase 
the volume flow rate. The expanded C0 2 refrigerant is 
evaporated and suctions heat in the outdoor heat exchanger 3 
through the second four-way valve 4. The refrigerant which has 
been evaporated is drawn into the compressor 1 through the first 
four-way valve 2. 

High pressure refrigerant in the supercritical state is 
introduced into the back pressure chamber 68a in the expander 
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reliably pushes the vane 69 against the. inner peripheral surface 
of the cylinder 61. 

In this embodiment, the fluid supply pipe 73 introduces 
the refrigerant which flows through the pipe extending from the 
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second four-way valve 4 to the refrigerant-inflow port of the 
expander 6, but the fluid supply pipe 73 may introduces 
refrigerant which flows through a pipe extending from a 
discharge port of the compressor 1 to the first four-way valve 
2. 

According to this embodiment; the compressor 1 which 
compresses refrigerant and the expander 6 and the auxiliary 
compressor 10 which recover the power are separated from each 
other. The refrigeration cycle is switched such that the 
refrigerant is supercharged by the auxiliary compressor 10 at 
the time of the cooling operation mode, and the refrigerant is 
super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

As described above, according to this embodiment, it is 
possible to provide an air conditioner capable of efficiently 
operating the refrigeration cycle even in a wide operating range, 
in which power is recovered while using C0 2 refrigerant as 
refrigerant . 
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is used as the expander 6, no oil reservoir is provided in a 
hausing 60, and lubrication in the expander 6 is carried out 
using oil mist discharged from the compressor 1. Therefore, 
it is possible to avoid a problem that oil level in each of a 
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plurality of oil reservoirs must be controlled. Especially 
when the auxiliary compressor 10 and the expander 6 are 
connected to each other and the auxiliary compressor 10 
supercharges and super-pressurizes as in the embodiment shown 
in Fig. 6, since the expander 6 does not have the oil reservoir, 
it is possible to integrally form the auxiliary compressor 10 
and the expander 6. 

Although the above embodiments have been described using 
the heat pump type cooling and heating air conditioner, the 
present invention can also be applied to other refrigeration 
cycle apparatuses in which the outdoor heat exchanger 3 is used 
as a first heat exchanger, the indoor heat exchanger 8 is used 
as a second heat exchanger, and the first and second heat 
exchangers are utilized for hot and cool water devices or 
thermal storages. 

In the embodiments, the drive shaft of the expander 6 
is connected to the drive shaft of the compressor 1 or the 
auxiliary compressor 10, and power recover by the expander 6 
is utilized for driving the compressor 1 or the auxiliary 
compressor 10, but the drive shaft of the expander 6 may be 
provided with an electric generator to convert the power into 
electricity. 

The compressor 1 and the auxiliary compressor 10 
explained in the above embodiments can be formed into a sliding 
vane type compressor explained in Fig. 1 and Fig. 2. In this 
case, the expansion space is formed into a compression space. 
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Especially when the auxiliary compressor 10 is formed into the 
sliding vane type compressor, the expander 6 and the auxiliary 
compressor 10 can be lubricated only with oil mist discharged 
from the compressor 1, and the expander 6 and the auxiliary 
compressor 10 do not require a hausing having an oil reservoir. 

As described above, according to the present invention, 
by introducing the refrigerant in the supercritical state, 
since the refrigerant is not in the gas state, it is possible 
to reduce the leakage of refrigerant from a gap between a vane 
groove and a vane. 

According to the invention, a portion of refrigerant 
flowing through the suction pipe is introduced into the back 
pressure chamber, and since it is unnecessary to separately 
introduce refrigerant from outside of the expander, the 
mechanism can be simplified. 



30 



